Objective: Influenza afflicts approximately 5% -20% of the US population annually. Although prevalence statistics are useful, they are insufficient to understand completely influenza on a health care system. This study estimated Nebraska's annual hospitalization and comorbidity rates due to influenza from 2007 to 2011. Methods: Influenza was defined according to ICD-9-CM primary codes beginning with 487 or 488 in hospital discharge records. The comorbidities of patients with influenza were defined according to ICD-9-CM secondary diagnosis codes. Results: The highest yearly age-adjusted hospitalization rates were 30.6 and 31.1 per 100,000 populations for 2008 and 2009, respectively. In 2008, the highest hospitalization rate was among those aged 65 yrs and older; in 2009, the highest rate was among those younger than 5 yrs. Asthma was the most frequent comorbidity overall and among those younger than 50 yrs. Conversely, hypertension and heart failure were the most frequent comorbidities among those aged 50 yrs and older. Conclusion: These findings provide a better understanding of the influenza burden and may contribute to developing more effective influenza prevention strategies.
Introduction
Annually, about 5% to 20% of the US population is infected with influenza and approximately 36,000 individuals die from influenza [1] . In addition, influenza is an important cause of mortality in temperate countries [2] [3] . Seasonality is used as an analytic tool because most influenza infections are not confirmed virologically [4] . The increased capacity for laboratory-confirmed diagnosis of influenza infection on a global level has resulted in an increased recognition of severe influenza-related illnesses in children and adults in developing countries [5] . The most common complications of influenza include acute viral and secondary bacterial pneumonia. These complications are more likely to occur among children younger than 5 years, among those older than 65 years, and among those with concurrent medical conditions such as heart disease, asthma, or chronic bronchitis [6] [7] .
The State of Nebraska's influenza surveillance system is a cooperative network of multiple systems whose data is considered collectively to create a general picture of influenza activity. Nebraska's influenza surveillance system comprises the influenza-like illness (ILI) Hospital Admission Survey, influenza laboratory surveillance, the ILI Sentinel Provider Surveillance Network, the Centers for Disease Control and Prevention's 122 Cities Mortality Reporting System, influenza-associated pediatric mortality, and emergency department syndromic surveillance of ILI [8] [9] .
Typically, the number of influenza cases is low at the onset of the influenza season, in October through December, and peaks between late January and early March. The end of the influenza season is April and is characterized by decreased influenza activity and fewer cases [1] .
Although prevalence statistics are useful, they are insufficient to a complete understanding of the impacts of influenza on Nebraska's health care system. The actual burden on patients, families, and society is seen in the average annual hospitalization rate and in direct medical expenses due to more serious influenza.
The main objective of this study was to estimate Nebraska's average annual hospitalization rate and identifying comorbidities due to influenza from 2007 to 2011. Previous studies have reported high numbers of influenza-associated hospitalizations in the United States among the elderly and among children younger than 5 years [10] . Additionally, influenza-associated hospitalizations account for a large proportion of the nation's total health burden and costs. Improved influenza prevention efforts are needed [10] .
Material and Methods

Study Design
We estimated the yearly hospitalization rate related to influenza between 2007 and 2011 in each of Nebraska's 21 local health department areas. Also, we reported stratified influenza cases by gender and age group. This descriptive study was conducted by analyzing confirmed diagnostic influenza cases from hospital discharge data (HDD) for inpatients. Medical expenses and comorbidities of patients hospitalized for influenza in Nebraska between 2007 and 2011 were also estimated using HDD for inpatients. This retrospective cross-sectional study represents the first analysis of confirmed influenza cases from HDD for Nebraska. Results of this study will allow a better understanding of the influenza burden in Nebraska and may contribute to the development of more effective prevention strategies.
HDD is collected from acute care hospitals in Nebraska, including inpatient and emergency departments. The HDD includes date of admission, date of discharge, patient age, gender, county of residence, and primary and secondary ICD-9-CM diagnosis codes. This information is reported by hospitals using the Centers for Medicare and Medicaid Uniform Billing Form (UB-04), transmitted electronically to the Nebraska Hospital Information System at the Nebraska Association of Hospitals and Health Systems. Although the HDD includes both emergency department and inpatient data, only inpatient data was analyzed in this study [11] .
Study Population
This study uses Nebraska HDD on inpatients from 2007 to 2011. The statewide annual hospitalization burden of influenza was expressed using the age-adjusted average annual hospitalization rate due to influenza per 100,000 residents. The flu season was defined as May 1 of one year through April 31 of the following year. Analyzing a full 12 months allowed for a more accurate assessment of annual rates than limiting the analysis to the typical October-through-May flu season, as is common in many surveillance systems. In addition, the number of cases during the H1N1 epidemic in 2009 was larger than expected during the spring [12] . Extending the flu season classification, allowed us to capture and classify data related to novel H1N1 more accurately.
Influenza Classification
Influenza was defined according ICD-9-CM codes in HDD. General burden due to influenza was characterized by any primary code beginning with 487 or 488, which included all diagnosed cases of influenza regardless of subtype or species and presentation. Avian influenza (A/H5N1) is coded 488.0, and novel swine influenza (A/H1N1) is coded 488.1. These codes were used to assess specific rates related to these novel virus strains. Estimations of the number of persons with influenza were based on the presence of said diagnostic codes in only the primary position. This approach was taken to better characterize the burden of hospitalization directly related to influenza.
Comorbidity Classification
Comorbidity of patients with influenza was defined according to the ICD-9-CM in the secondary diagnosis positions. The analysis of comorbidities was focused on conditions that have been shown to be associated with influenza. The chronic comorbid illnesses associated with severe influenza analyzed in this study were chronic lung disease (i.e., asthma), chronic cardiac disease (i.e., congestive heart failure), metabolic disease (i.e., diabetes mellitus), and immunosuppressive conditions (i.e., cancer, transplant, immunosuppressive drugs, HIV/ AIDS) [13] [14].
Medical Expenses
Total hospital charges included costs in the following categories: general services, ICU/special care, pharmacy, laboratory, radiology, operating room, supplies, and other ancillary services. This variable is included in the HDD.
Statistical Analyses
The frequency of the average annual hospitalization related to influenza was calculated for each year from 2007 to 2011. The annual crude hospitalization rate was then estimated using US Census Bureau data to determine the total person-years of risk for the population (serving as the denominator). The annual age-adjusted hospitalization rate was estimated using standard US Census Bureau population data for 2000. In addition, we took into account gender, age, time (year), and variables for hospitalization rate estimates. Influenza-related hospitalization medical expenses were estimated with the total charge variable in the HDD. Average medical expenses related to hospitalization due to influenza were estimated and characterized by year. The frequency of common comorbidities was estimated according to ICD-9-CM code in the secondary diagnosis positions in the HDD.
Geographic Information System (GIS) Analysis
It is important to understand the statewide impact of influenza in Nebraska, such as annual hospitalizations related to influenza and medical expenses of influenza patients due to hospitalization. However, the statewide impact of influenza does not reflect the influenza burden at the local health department level. Nebraska's 21 local health departments have different geographic characteristics and different economic and political resources. To analyze the relative distribution and burden of influenza in local health departments, we used GIS to provide a graphic description of the distribution of hospitalization due to influenza at the local health department level, and to assess potential disparities. We calculated the annual hospitalization rate and medical costs due to influenza for each local health department. The GIS maps were produced by ArcMap10 (ESRI Inc.). Chlorpleth maps were created to compare differences between rates of influenza hospitalization and influenza-related hospital costs by local health department.
Results
Yearly Hospitalization Numbers and Rates in Nebraska from 2007 to 2011
The yearly influenza hospitalization rates between 2007 and 2011 are shown in Rates expressed per 100,000 population; age-adjusted rates by using 2000 US Census population estimates.
respectively. Age stratification indicates that the highest frequency of hospitalization in 2008 was observed among those older than 65 years, and the highest hospitalization rate in 2009 was observed among those younger than 5 years.
Yearly Hospitalization Average Charge and Length of Stay in Nebraska from 2007 to 2011
The highest average rate of hospitalization, greatest average length of stay and the highest average charge were observed in 2009 ( Table 2) . Our analysis of the number of hospitalized patients due to influenza shows that while only one peak per season was observed during the 2007, 2008, 2010, and 2011 flu seasons, two peaks were observed during the 2009 flu season, one in the spring and one in the fall (Figure 1 ).
Cumulative Hospitalization Rate Due to Influenza between 2007 and 2011 for Local Health Departments in Nebraska
The cumulative hospitalization rate due to influenza between 2007 and 2011 for local health departments was also analyzed (Supplementary Figure 1) . Hospitalization rates of 26 per 100,000 populations or higher were observed among the Panhandle, North Central, Elkhorn Logan Valley, Southeast, and Southwest Nebraska local health departments. Further studies are needed to understand the differences in cumulative hospitalization rates among local health departments.
Percentage of Common Comorbidities for Hospitalized Patients with Influenza by Age Group in Nebraska from 2007 to 2011
The percentage of common comorbidities for patients hospitalized with influenza is shown by year in Table 3 . Asthma was observed with higher frequency than other comorbidities for all years. In addition, age stratification showed that asthma was observed more frequently than other comorbidities among the younger than-5-years, 5-19-years, and 20-49-years age groups. Among the 50-64-years and 65-years-and-older age groups, hypertension and heart failure, respectively, were observed with the highest frequency. Similar results were observed for patients hospitalized with H1N1 (Supplementary Table 1 ). Asthma and hypertension were also the most common comorbidities by year (Supplementary Table 2 ). 
Discussion
In this study, we estimated average annual hospitalization rate and direct medical expenses due to influenza in Nebraska from 2007 to 2011. While characterizing the prevalence of influenza according to influenza surveillance is useful, it may be insufficient to understand certain statewide impacts of influenza on the health care system in Nebraska. The average annual hospitalization rate and direct medical expenses due to more serious influenza in the population represent the real burden on patients, families, and society. Table 1 shows the yearly influenza hospitalization rates in Nebraska between 2007 and 2011. The high hospitalization rate observed among those older than 65 years could be due to a higher frequency of comorbidities in this age group (Table 3) . On the other hand, the highest hospitalization rate in 2009 was observed among those younger than 5 years. The high hospitalization rate among children younger than 5 years could be due to the high percentage of asthma comorbidities in children observed in 2009 ( Table 1 and Supplementary Table  2) . Moreover, because the 2009 H1N1 evolved from the 1918 pandemic influenza virus [12] , the lower hospitalization rate among those 65 years and older might be due to cross-reactive immunity caused by prior infections with strains antigenically related to H1N1. Table 2 shows the average hospitalization charge and average length of stay between 2007 and 2011. The highest average hospitalization rate and length of stay was observed for 2009. This high hospitalization burden might be due to the earlier start observed for the 2009 flu season. The 2009 flu season also had two peaks, one in the spring and one on the fall (Figure 1) . These observations are consistent with previous reports on the 2009 influenza pandemic, which reported two distinct waves, one in the spring and one in the fall, and lower levels of disease activity between the two waves [12] .
Asthma was the second most frequent comorbidity in these two age groups. These results are consistent with previous studies reporting that one-third of the patients in the United States hospitalized with influenza had asthma [15] . In addition, a recent study by McKenna et al. reported an overlap in asthma and chronic obstructive pulmonary disease (COPD) in over 20% of the 50-64-years and 65-years-and-older age groups [15] . However, because these patients are not regularly monitored by spirometer, it is difficult to determine whether they had asthma, COPD, or both asthma and COPD [16] .
There are limitations concerning the use of the Nebraska HDD in this study. First, the records are reported as estimates rather than census figures because the number of records reported by acute care hospitals to the Nebraska Hospital Information System is lower than the number of records the same hospitals report to the Nebraska Department of Health and Human Services annually. Additionally, previous studies evaluating the use of ICD-9 codes have found a potential significant underestimation of hospitalization due to influenza when comparing hospital discharge codes to laboratory confirmation of influenza [17] . Including a wider range of ICD-9 codes may increase sensitivity in capturing hospitalizations related to influenza, but would likely lead to a high degree of false classification. Further studies are needed to evaluate the predictive value of ICD-9 coding groups in classifying influenza hospitalizations in Nebraska. Finally, Nebraska residents receiving care outside of Nebraska are not included in the HDD. Hence, particular attention should be used when comparing hospitalization rates geographically, since residents of some counties may be more likely than residents of other counties to receive their medical care out of state [11] .
Conclusion
Because this is the first time that Nebraska HDD has been used to analyze confirmed influenza cases, results from this study can be used to establish a baseline for monitoring the general trends of severe cases of influenza in the state. In addition, these findings may provide a better understanding of the influenza burden in Nebraska. Moreover, results of this study may be useful in the improvement and development of influenza prevention strategies.
